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PART II 

a.   Principal Investigator: Horia Metiu 

b. Current telephone number: (805) 893-2256 

c. Cognizant ONR Program Officer: John C. Pazik 

d. Program objective 

We use theoretical methods to help Prof. Galen Stucky's group in their search for better 

thermoelectric materials. We examine a class of compounds based on Si, Ge, or Sn which have a 

clathrate structures. There are about 100 such compounds, each allowing a fair number of 

chemical variations (doping, slightly non-stoechiometric composition, etc). They are difficult to 

synthesize and characterize structurally and the measurements of their transport properties are 

very tedious. For this reason it would be extremely useful to provide theoretical guidance and 

develop methodology that will allow us to determine, before synthesis, which among these 

compounds is likely to have the best thermoelectric properties. We are providing such guidance 

by performing density functional calculations of the band structure of these compounds and 

using it to estimate the Seebeck coefficient and the electrical conductivity. These calculations, 

though difficult, are more rapid than experimental synthesis and characterization. Our work will 

allow the experimentalists to focus on the more hopeful candidates. We are also proposing the 

synthesis of new clathrates based on GaAs, AlAs, In As, CdTe and other tetrahedrally bonded 

compounds. By performing total energy calculations we can determine which among these 

compounds are stable, as compared to other solids that can be made from the same atoms, and 

therefore have a good chance of being prepared in the laboratory. 

e. Significant results during last year 

Our main effort, in collaboration with Prof. Galen Stucky, has been directed towards determining 

whether zeolites containing one solvated electron in each cage are good thermoelectric materials. 

For this we had to understand the electronic structure of the material. Calculations that explained 

most of the measured quantities indicated that the material is a metal with low electron density. 

However, disagreement with the low-temperature magnetic susceptibility measurements forced 

us to substantially refine the model. By using density functional calculations, which include 

generalized gradient and self-interaction corrections, we have shown that the system is an 

antiferromagnetic Mott insulator.1 This means that, in spite of the fact that the Seebeck 

coefficient and thermal conductivity are favorable, this class of new substances will not contain 

good thermoelectric materials since they Will not have sufficient electrical conductivity.1'2 In this 

work we have reached a very important conclusion: it is not possible to obtain even a qualitative 



understanding of the electronic properties of a narrow-band solid without making the self- 

interaction correction, which is usually neglected in solid state calculations. Another important 

achievement is the development of a new method, directed genetic programming,4 to find 

potential energy functions that fit the energies calculated by ab initio methods. This difficult, 

tedious, and important problem can now be given to computers. 

I was invited to lecture on electrons in zeolites at two summer schools (in Australia5 and 

Europe6-7) and this gave me a chance to review some of our ONR-sponsored work for a broader 

audience of physicists and chemists. 

The bulk of our work this year has been developing software for calculating the electronic 

and transport properties of semiconductor clathrates (see item f). 

f. Brief summary of plans for next year's work 

We are now concentrating on class of clathrate compounds that promise to be excellent 

thermoelectrics. There are four types of interesting clathrates, described by the formulae 
AxT136> A8T48> A8Y8T38> ^ B8Y16T38> where T are tetrahedrally coordinated atoms (Si, Ge, 
Sn); A are alkali atoms; B are Sr, Ba, Ca; and Y are Al, Ga or In. So far the transport properties 

of only one compound of each type have been studied experimentally and they all have 

promising thermoelectric properties. One of them, Sr8Ga16Ge38, has a figure of merit half that of 

the best commercial compound. There are about 100 clathrates and their transport properties can 

be changed by chemical modifications. It is extremely likely that some among them are better 

thermoelectrics than the ones already studied. We plan to use density functional band structure 

calculations to aid the experimentalists find which clathrates have a chance of being the best 

thermoelectrics. In these calculations we determine the band structure, and estimate the Seebeck 

coefficient and the electrical conductivity. We have spent a lot of time developing the software 

needed for these calculations and have just started performing them. We have found that Si48 is a 

semiconductor with a larger band gap than Si. Na8Si48 is a metal formed because the alkali atoms 

donate electrons in the conduction band of Si48. The compound Na8Al23Si23 is a metal and it is 

likely to have a low Seebeck coefficient. Such calculations, while extremely laborious, are faster 

than the synthesis of compounds and measurements of transport properties and will serve as a 

guide to pick the promising compounds for synthesis. 

g. List of names of graduate students and post-doctoral(s) currently working on the 
project: Dr. Paul Weakliem, Dr. Nicholas Blake, Dr. Dmitrii Makarov 



PARTIU 

Figure 1 (5-part). We show the structure of a clathrate having 48 frame atoms in the unit cell. 

The frame atoms (e.g. Si or Ge) make cages which are filled with alkali or alkali earth metals. 

Figure 2 (on page 2). The sodalite cage consisting of -Si-0-Al-O-Si-O-Al-O-Si- chains. The solid 

are made by joining the cages at their hexagonal faces. There are four ions and an electron inside 

each cage. 

Figure 3. There is no figure 3. 
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